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Abstract:  
We carried out temperature and field dependent magnetic measurements to understand the evolution of 
magnetic non-collinearity near antiferromagnetic phase in conjunction with the evolution of magnetic 
entropy near phase transition. We observed the maximum change in entropy just before magnetic ordering 
of Cr3+ in YCrO3 with the maximum change in magnetic entropy of ~ -0.38 Jkg-1K-1 at 8 Tesla external 
field. The data is linear in higher fields (3 T – 8 T), whereas it showed deviations in the lower field region. 
The maximum entropy change fits well with mean field approximation at higher fields, while the observed 
deviation in lower field substantiates the onset of weak ferromagnetism in YCrO3. 
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INTRODUCTION 
ACrO3 (A = rare earth elements) systems exhibit the stable G-type antiferromagnetic (AFM) ground state 
among other possible AFM structures. In addition, the non-collinear spin arrangement of Cr3+ magnetic 
ions in these G-type AFM materials, gives rise to the weak ferromagnetism. The ratio c/a is very crucial for 
orthorhombic distortion in ACrO3 which is one of the main sources for weak ferromagnetism via 
Dzialoshinskii–Moriya (DM) interaction Dij = ∑ Dij ∙ (Si × Sj)ij  , where Si is the spint vector at i
th atomic 
site. DM interaction arises from spin-orbit coupling of hopping electrons in an inversion asymmetrical 
crystal field. Depending on sign, the symmetry properties and the value of Dij vector, a directional non-
collinear magnetic structure is possible in AFM materials. Among different orthochromites, YCrO3 is an 
interesting material, which exhibits weak ferromagnetic behavior at or below its’ Neel temperature 140 K 
[1]. The onset of weak ferromagnetism in this system is attributed to the canted G-type antiferromagnetic 
structure, where adjacent chromium octahedra (Cr-O1-Cr) are tilted at an angle of ~ 147o [1, 2]. The 
schematic crystallographic structure and in plane corner sharing of CrO6 octahedra with Cr-O2-Cr angle 
about 149o are shown in Fig 1. This tilt may lead to unusual magnetophysical properties such as spin-lattice 
coupling, dielectric and ferroelectric response with magnetic field in conjunction with weak ferromagnetism 
in YCrO3. Thus, it is important to understand the evolution of magnetic ordering near transition temperature 
in YCrO3 and any associated magnetophysical properties. The associated change in the magnetic ordering 
may give rise to change in magnetic entropy. The evolution of magnetic entropy as a function of temperature 
will exhibit drastic changes near phase transition. This magnetic phase transition together with weak 
ferromagnetism in YCrO3 will exhibit the respective change in magnetic entropy. We will discuss in detail 
about the observed degree of non-collinearity in YCrO3 bulk samples. 
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FIGURE 1. (a) Crystal structure of YCrO3 at room temperature in Pnma space group where Cr occupies 
the center of octahedral. (b) in plane corner sharing of octahedra CrO6 with Cr-O2-Cr angle about 149o .  
 
EXPERIMENTAL DETAILS 
Bulk YCrO3 was synthesized by conventional solid-state reaction method by mixing Y2O3 and Cr2O3 in 
stoichiometric ratio. Thoroughly mixed powder was first calcinated at 600 oC for 12 hours and then at 900 
oC for 12 hours before final annealing at 1300 oC for 24 hours. The detailed of synthesis method and other 
characterizations can be found in our previous work [1].  The magnetization isotherms were measured using 
a vibrating sample magnetometer, an attachment in PPMS (Model 6000, Quantum Design, USA).   
RESULTS AND DISCUSSION 
The synthesized compound YCrO3 is showing orthorhombic crystal structure with Pnma space group, Fig 
1 (a). The structural details are published elsewhere [1]. This is a distorted GdFeO3-type perovskite structure 
with out of plane Cr-O1-Cr octahedra bond angles (~147o) and in plane Cr-O2-Cr octahedral bond angle (~ 
149°), deviating from undistorted 180o, as shown schematically in Fig 1 (b). The spin magnetic moments 
follow the adjacent octahedral tilt due to spin-orbit coupling though small which in turn lead to canted G-
type antiferromagnetic ordering below 140 K. This canted spin arrangement in G-type antiferromagnet is 
the main source of weak ferromagnetism due the DM interaction and consistent with the literature [1,9,10]. 
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The magnetic properties of YCrO3 are investigated in depth, showing the onset of hysteresis in low field 
magnetic hysteresis measurements below the anti-ferromagnetic transition temperature ~ 140K [8, 10]. On 
the other hand, temperature dependent magnetic measurements exhibit the antiferromagetnic ordering at 
140 K [1,2, 8, 10]. We carried out temperature and field dependent magnetization measurements to 
understand the onset of magnetic entropy and correlation with observed non-collinearity in YCrO3 system. 
The recorded magnetic isotherms at different temperatures are shown in Fig 2 (a), exhibiting the nonlinear 
region at or below 3 T magnetic field and the nature becomes linear for higher fields. The noticed low field 
nonlinearity in magnetic data can be understood in terms of non-collinear magnetic structure, giving rise to 
the weak ferromagnetism in conjunction with AFM structure. Thermodynamics relates the magnetic 
variables to entropy and temperature. This is due to the coupling of magnetic sublattice to the external field 
which contributes to change in magnetic entropy of magnetic materials. Isothermal magnetic entropy 𝑆(𝑇,
𝐻) can be estimated from magnetization, 𝑀(𝑇, 𝐻), data as a function of applied field (H) recorded at 
different temperature (T) especially near magnetic transitions. The thermodynamic Maxwell’s relation 
(
𝜕𝑆(𝑇,𝐻)
𝜕𝐻
)
𝑇
=  (
𝜕𝑀(𝑇,𝐻)
𝜕𝑇
)
𝐻
will lead to magnetic entropy change from numerical integration as ∆𝑆(𝑇, ∆𝐻) =
 𝜇0 ∫ (
𝜕𝑀
𝜕𝑇
)
𝐻
𝑑𝐻
𝐻𝑓
𝐻𝑖
, where ∆𝐻 = 𝐻𝑓 − 𝐻𝑖 and usually Hi is taken as zero magnetic fields. For magnetically 
ordered system entropy change is the maximum about transition temperature however for paramagnets it is 
significant near absolute temperature. The magnetic isotherms, Fig 2 (a), are used to estimate the change in 
magnetic entropy against temperature at different magnetic field. The computed magnetic entropy at 
different fields is shown in Fig 2 (b). We observed the evolution of magnetic entropy near magnetic phase 
transition at about 140 K, which reduces quickly at higher temperatures. The change in entropy is increasing 
with increasing magnetic field and the maximum entropy change of ~ -0.38 Jkg-1K-1 at 8 T field is recorded, 
Fig 2 (b). The amplitude of the maxima of change in entropy is reducing with lowering field, Fig 2(b). The 
evolution of magnetic entropy near magnetic phase transition in YCrO3 is relatively larger than respective 
antiferromagnetic transitions, suggesting the impact of weak ferromagnetism near transition. 
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FIGURE 2. (a) Magnetization isotherms recorded at different temperatures in interval of 5 K. (b) Change 
in magnetic entropy as a function of temperature about the magnetic transition temperature. 
CONCLUSION 
We demonstrated the evolution of magnetic entropy in YCrO3 near antiferromagnetic ordering temperature 
~ 140 K. The recorded values of the maximum change in entropy ~ -0.38 Jkg-1K-1 at 8 Tesla is relatively 
larger than expected for pure antiferromagnetic system, supporting the observation of weak ferromagnetism 
in YCrO3 near the transition temperature.  Further, weak ferromagnetism in YCrO3 is substantiated by the 
observation of nonlinear magnetic behavior up to 3 T whereas magnetization becomes linear at and above 
3 T in field dependent magnetic measurements. 
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